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locomotion. In this regard, caecilians are unique among the modem Amphibia, although some salamanders (Amphiuma, Oedipina, Pseudobranchus, Siren) approach the limbless condition and also rely largely on serpentine undulation for movement. Considering the mode of progression of caecilians, specializations of their trunk musculature and vertebral column are expected, but, surprisingly, morphologists have paid very little attention to the locomotory devices of these unusual animals.
Wiedersheim ( I 879) provided the first detailed discussion of the trunk musculature of caecilians, based mainly on Caecilia lumbricoides (sic, probably Caecilia gracilis), and concluded that the trunk musculature of caecilians more closely resembles that of other amphibians, especially Amphiuma, than that of snakes. Nishi (1916) compared the trunk musculature of Caecilia pachynema and C. tentaculata to that of other vertebrates and decided that caecilian trunk musculature is more highly developed than that of salamanders and more like that of frogs. The first attempt to interpret the function of caecilian trunk muscles was presented by Marcus (1 934), but his summary was based largely on the work of his student, which was published the next year (von Schnurbein, 1935) . Subsequently, Lawson (1965) described the trunk musculature of Hypogeophis rostratus, and Gaymer (1 97 1 ) discussed trunk musculature and locomotion in the same species. Cans ( I 973) criticized Gaymer's interpretation of caecilian locomotion. Naylor & Nussbaum ( I 980) compared the trunk musculature of six species representing all five gymnophionan families.
Here we summarize the variation in the trunk musculature of 28 species of caecilians, including species from 24 of the 33 nominate genera, and discuss the taxonomic significance of the variation. The trunk musculature of caecilians is also briefly compared to that of frogs and salamanders.
Recent changes in caecilian systematics are summarized by Nussbaum (1977 Nussbaum ( , 1979 . U A refers to specimens in the Paleontology collections of the Department of Geology, the University of Alberta, and UMMZ refers to specimens in the Museum of Zoology, the University of Michigan. Methods are described by Naylor & Nussbaum (1 980).
Terminology
Many of the names of trunk muscles used by Wiedersheim, Nishi, and Lawson are difficult to use because of doubtful homologies or obscure meanings. The names of von Schnurbein were invented by her for use in a strictly functional sense and are inappropriate in the spirit of homologous classification of parts. We have adopted largely the nomenclature of Maurer (1892, 191 l) , which he applied to salamanders in a very cogent manner. This procedure allows us to express directly our views on homology and facilitates comparison of the trunk musculature of caecilians and salamanders. Synonymies are summarized in Table 1 .
Von Schnurbein (1 935) divided the trunk muscles of caecilians into three groups: (1) the trunk musculature proper ("Stamm-Muskulatur"), which included the longitudinal muscles closely associated with the vertebral column (her M. vertebralis); (2) the skin musculature ("Haut-Muskulatur"), which includes the outer layer of largely longitudinal muscles adjacent to the skin; and (3) the fascia1 muscles ("Faszienmuskeln"), which are relatively short, vertically or horizontally oriented muscles. The first group, according to von Schnurbein, bends the vertebral column, the second group bends the skin tube and produces waves of longitudinal contractions, and the third group changes the cross-sectional shape of the body and binds the first and second sets of muscles together. This classification stems from von 
External muscular sheath
Unlike frogs, and more like the situation in many salamanders, the skin of caecilians is bound tightly to the underlying muscles by a dense network of connective tissue. Thus, the skin and the superficial muscles move as a unit. Species in which the skin is divided into primary annuli only, or with some or all of the primary annuli divided into secondary annuli (Caeciliidae, Scolecomorphidae, Typhlonectidae, Uraeotyphlus spp.), have congruent myomeres and primary annuli. No such congruency is evident in species with tertiary annuli (Rhinatrematidae, Ichthyophiidae except Uraeotyphlus spp.).
M. obliquus externus superficialis
This muscle appears as a very narrow, longitudinal band on each side of the body, just under the skin (Figs 1-3 ). The short, parallel fibres begin in the tough fascia between the skin and the M. rectus lateralis and run ventrally and slightly posteriorly to end in the same fascial sheet between the skin and the M. obliquus externus profundus. The fascial sheet that supplies the origin and insertion of the M. o. e. superficialis completely encircles the body.
The muscle is lenticular in cross-section, and it may or may not be segmented. Where segmentation occurs, the divisions are congruent with the myosepta of the neighbouring muscles. However, the divisions of the M. o. e. superficialis are not true myosepta, because the septa of this latter muscle run parallel to the fibres, in contrast to the perpendicular The function of the M. obliyuus e.xternus superficialis is difficult to interpret, because the fibres are very short and the muscle is very thin. Its universal presence in caecilians, with little variance in position or size, argues that it has a more important basic function than its small size might suggest. Marcus (1934) and von Schnurbein (1935) 
.rirprrficialis as a "Faszienmuskeln", and thought that it served to decrease the crosssectional area of segments of the body in order to produce irregular surfaces to serve as fixed points for locomotion in burrows. A variety of functions could be hypothesized for this muscle, including hydrostatic action for circulation and locomotion and flattening of the body to increase friction on the sides of burrows, but only careful experimentation will provide the answer.
The M. ohliquus est~t-nz~s superficialis is often visible externally in preserved specimens that have died with the fibres contracted. The contracted muscle causes the skin immediately above it to bulge outward forming a dorsolateral, longitudinal ridge on each side of the body. These ridges have been described erroneously as diagnostic in certain species. Taylor ( for instance, described Ichthyophis glandulosus based in part on this false character.
M. obliquus externus profundus
This sheet-like, segmented muscle is visible beneath the skin, ventral to the M. obliquus externus superficialis (Figs 1-3 ). Its fibres run longitudinally, between the myosepta. The dorsal-most extent of attachment varies by species. In Hypogeophis rosiratus ( Fig. 3(b) In all species examined, except for Epicrionops petersi, there is a marked posterior overlap of the myomeres of the M. obliquus externus profundus. Absence of this posterior overlap may be diagnostic for the Rhinatrematidae.
M. rectus lateralis
The M. r. lateralis is a longitudinal, segmented band of muscle visible just under the skin, dorsomedial to the M. obliquus externus superJicia1i.Y (Figs 1-3) . It is present in all caecilians, but significant variation occurs in its positional relationships with other muscles and in the number of posterior and anterior flexures present. In all rhinatrematids, ichthyophiids, scolecomorphids, and typhlonectids examined, the two Mm. r. laterales meet middorsally above the vertebral column. This middorsal apposition also occurs in six of 17 species of caeciliids examined (e.g. Fig. 2(a) ), but in the remaining 1 1 species there is a middorsal gap between the two Mm. r. laterales, so that a narrow band of the M. dorsalis trunci is exposed (Fig.2(b) ). There is no obvious pattern to this variation within the Caeciliidae, except that the gap occurs in all caeciliids of the Old World tropics except for Geotrypetes seraphini, and, that of the Neotropical species examined, the gap occurs only in Microcaecilia albiceps. It may be significant that there is no gap in the Neotropical typhlonectids, a group possibly derived from Neotropical caeciliids, which also have no gap. The African scolecomorphids also lack a middorsal gap between the Mm. r. laterales, in contrast to most other African caecilians.
Epicrionops petersi has a single posterior and a single anterior, internal flexure in each myomere of the M. rectus lateralis. This combination of flexures was seen nowhere else, and may prove to be diagnostic of the family Rhinatrematidae. The five species of ichthyophiids examined had two posterior flexures and one anterior, internal flexure in each myomere of the M. r. lateralis, a combination found in no other family. All remaining species examined had a single posterior flexure and no anterior flexures in the M. r. laferalis.
In salamanders, the M. rectus lateralis, when present, is a narrow band ofanteroposteriorly aligned fibres situated immediately below the M . dorsalis trunci. The unit is often not clearly separable from the M. obliquus externus, except by means of different fibre alignment (Naylor, 1978) . The M. r. lateralis is so designated in caecilians because of its relationship to the M. obliquus externus profundus, its intimate association with the lateral abdominal musculature, and its clear separation from the M. d. trunci (see also Naylor & Nussbaum, 1980) . The possibility remains, however, that the unit here called the M. r. lateralis is not homologous to the muscle of that name in salamanders, but is derived from superficial fibres of the M. d. trunci, or even from some other unit of the lateral abdominal series.
M . ohliquus internus
This muscle lies between the M. obliqirirs externus profundus and the M. transversus. It is present in all caecilians with slight positional and size variation, some of which is illustrated in Fig. 3(a)-(c) . The fibres of the M. o. internus are nearly vertical, slanting anteroven- 
M. transversus
All caecilians have this innermost, sheet-like muscle. Its fibres run dorsoventrally, and it is unsegmented in all species. Dorsally, it attaches via connective tissue to the lateral edge ofthe pars ventralis of the M. subvertebralis, and ventrally, it is attached to the Mm. obliquus externus profundus and rectus abdominis by tough fascia (Fig. 3(a)-(c) ). Dorsally, it is applied tightly by connective tissue to the M. obliquus internus. Its positional and size relationships are relatively invariant in caecilians.
M. rectus abdominis
This segmented muscle is present in all caecilians. Dorsally, it is continuous with the M. obliquus externus profundus, and ventrally, its fibres join the linea alba. Adjacent myomeres of the M. r. abdominis overlap, with each myomere extending over the lateral surface of the next anterior myomere. The overlap is considerable in Caecilia nigricans and Oscaecilia ochrocephala (Fig. 3(c) ), but less extensive in the other species.
Vertebral musculature

M. dorsalis trunci
There appears to be no significant variation in the M. d. trunci at the level studied. In all taxa, the unit is thick and completely covers the vertebrae and ribs. Muscle fibres extend anteroposteriorl y between adjacent vertebrae and ribs. Each myomere extends back into an elongate posterior flexure, which influences three intervertebral joints. Muscle fibres fan posteriorly from the apex of each posterior flexure, and the majority of muscle fibres in the M. d. trunci are situated in the posterior flexures. Deep to these flexures, paired hyperapophyseal muscles originate over the neural arch of one vertebra and insert by means of a broad aponeurosis to the hyperapophysis of the next anterior vertebra. This arrangement is the same as in salamanders, and there is no significant variation among the caecilians studied.
M. subvertebralis
In the majority of caecilians, the M. subvertebralis proper consists of a simple series of gently overlapping myomeres. However, the ichthyophiid species are different in that each subvertebral myomere has an elongate, posterior extension (posterior flexure). These flexures, in Zchthyophis glutinosus and Llraeotyphlus narayani, are large and influence two intercentral joints. The flexures are smaller and thinner in I. kohtaoensis and I. orthoplicatus, and are reduced even more extremely in Caudacaecilia nigrqflava. The basapophyseal muscles ofcaecilians so far dissected are nearly uniform in structure, although there are some differences in size, which are not easily quantifiable.
M. subvertebralis pars ventralis
In the majority of dissected species the pars ventralis of the M. subvertebralis originates midventrally along the centra and subcentral keels, and the fibres extend anterolaterally to connect firmly to the musculature of the external sheath (Figs 3(a) , (b); 4(a)). All dissected rhinatrematids, ichthyophiids, scolecomorphids, and the majority of caeciliids exhibit this pattern. All available typhlonectids have the pars ventralis originating from fascia, lateral to the centra, although the fascia1 fibres attach midventrally. The medial margin of the pars ventralis is scalloped, such that muscle fibres extend further medially in the basapophyseal regions (Fig. 4(d) ). Two caeciliids, Caecilia nigricans and Oscaecilia ochrocephala, have a similar development of the pars ventralis, but without the scalloping seen in typhlonectids (Figs 3(c), 4(c) ). In Hypogeophis rostratus, fibres of this unit converge medially to the basapophyseal regions and some fibres attach to the subcentral keel (Fig. 4(b) ). 
Discussion
In this paper we have extended our observations (Naylor & Nussbaum, 1980) of variation in the trunk musculature of caecilians. Our previous conclusion that both the Rhinatrematidae and Ichthyophiidae have distinctive trunk musculature is upheld. Only rhinatrematids have a M. obliquus internus that is segmented by myosepta and that is confluent with the M. obliquus externus profundus to form the M. rectus abdominis. This is also the only family that does not have significant internal overlap of the M. 0. e. profundus with the M. r. abdominis, and that has a combination of one posterior and one anterior flexure internally in the M. rectus lateralis. Ichthyophiids are unique in that they have one anterior and two posterior flexures internally in the M. r. lateralis, and they are the only caecilians with posterior flexures, or flexures of any kind, in the M. subvertebralis.
The remaining three families, Caeciliidae, Scolecomorphidae, and Typhlonectidae, are generally similar in their trunk musculature, but some differences exist. Typhlonectids have a series of character states in the trunk musculature that distinguishes them from other caecilians. The M. rectus lateralis is very thin, with little internal overlap between the myomeres except for a single, extremely short posterior flexure. In the dorsal half of each myomere, above the posterior flexure, muscle fibres do not extend the full anteroposterior distance between myosepta, but leave a posterior gap in each segment, a situation not encountered in other families. The pars ventralis of the M. subvertebralis does not attach midcentrally, but to fascia. The medial margin of the unit is scalloped distinctly, with fibres extending further medially in the basapophyseal region. Finally, there is less internal overlap of the myomeres of the M. obliquus externus profundus and M. rectus abdominis than occurs in other families, rhinatrematids excepted. This combination of characters correlates, perhaps functionally, with the aquatic habit of typhlonectids. A well-developed, external muscular sheath with extensive internal overlap of segments and a thick M. subvertebralis pars ventralis attaching midcentrally are presumably adaptations for burrowing. The absence of such structures from typhlonectids would, therefore, reflect adaptation to aquatic, anguilliform locomotion.
Caeciliids currently are separated into two subfamilies (Taylor, I969) , Caeciliinae and Dermophiinae, the former containing the Neotropical genera Caecilia and Oscaecilia and the latter containing the remaining genera. The trunk musculature of Caecilia nigricans and Oscaecilia ochrocephala generally conforms to that of the dermophiine species, but the former have three features that set them apart. The first is their distinctive pars ventralis of the M. vertebralis (Table 11) , which resembles the same structure in typhlonectids. The second is their very thin M. dorsalis trunci. Thirdly, the caeciliines have extensive internal overlap of the myomeres of the M. obliquus externus profundus and M. rectus abdominis. In dermophiines (also ichthyophiids and scolecomorphids), the internal, posterior flexure extends back for a distance of between one half and one full width of a myomere segment (Naylor & Nussbaum, 1980, figs 4, 7, 9) . In caeciliines, the overlap is greater than that of two myomere segments, as shown in the cross-section of 0. ochrocephala (Fig. 3(c) ), in which the septa1 divisions appear to divide the M. r. abdominis and M. 0. e. profundus into three sections. There is very little yariation in trunk musculature among the Dermophiinae examined, except in the degree to which the paired Mm. recti laterales are separated middorsally and the degree of segmentation of the M. obliquus externus superficialis.
Scolecomorphids have no obvious characteristics of their trunk musculature that distinguish them from all other caecilians.
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None of the variation so far encountered in the trunk musculature of caecilians is in strong disagreement with the current classification of the group. Closer examination of the trunk musculature of more species of the Dermophiinae is needed to help determine the relationships among these genera, which are scattered across three continents (South America, Africa, Asia) and one microcontinent (Seychelles Archipelago). The similarity of the trunk musculature of the Scolecomorphidae to that of some of the Dermophiinae may be real or superficial and requires further study.
The axial skeletons and musculature of caecilians, salamanders, and frogs are similar and differ from all other tetrapods in that the ribs do not extend beyond the vertebral musculature into the muscles of the lateral body (some salamanders, e.g., Euproctus and some Triturus do have exceptional ribs that extend slightly into the lateral abdominal musculature) and in the relatively undifferentiated condition of the vertebral musculature. The short ribs of lissamphibians seem to be correlated with their method of breathing, which does not involve expansion ofthe coelom for inhalation (Cox, 1967) , but rather relies on a buccal force pumping mechanism. Aside from these similarities in trunk musculature among the three lissamphibian orders, which may or may not be monophyletically derived, there are also some fundamental differences, which are at least partly related to their different methods of locomotion.
Frogs have a short ( 1 9 trunk vertebrae) and relatively inflexible vertebral column, with greatly reduced vertebral and body wall musculature, compared to caecilians and salamanders ( Fig. 3(f) ; also see Maurer, 1895) . The vertebral musculature consists of weakly developed epaxial muscles with no development at all of the hypaxial muscles (M. subvertebralis). Only the M. obliquus externus and the M. transversus are found in the lateral body wall, with the M. rectus abdominis situated ventrolaterally. The reduced trunk musculature of anurans is in keeping with their unusual mode of locomotion. They rely on powerfully developed hindlimbs for both terrestrial and aquatic progression with little contribution from spinal flexion.
Salamanders have vertebral columns of intermediate length ( I 2-63 trunk vertebrae), and they have well-developed vertebral and body wall musculature used for lateral flexion of the spine while swimming or walking. The more elongate salamanders are either aquatic paedomorphs (Amphiuma, Siren) or terrestrial semifossorial forms (Batrachoseps, Oedipina) with reduced limbs and increased reliance on lateral undulation of the vertebral column for locomotion.
Caecilians have long vertebral columns (70-283 vertebrae) and strongly developed trunk musculature. Caecilians may move on the surface, through water, or through loose soil by serpentine flexion of the vertebral column. Movement through preformed burrows may involve either serpentine or vermiform (sensu Gaymer, 197 1) locomotion, or both, depending on the characteristics of the burrow. The formation of new burrows in compact soil probably entails only vermiform action. All of these modes of locomotion in caecilians depend on the presence of a supple vertebral column and well-developed trunk muscles.
In regard to trunk musculature, caecilians and salamanders are more similar to each other than either is to frogs, but this may only reflect independent retention of the major features of the primitive mode of locomotion involving lateral undulation of the body. Caecilians and salamanders are similar in that some fully metamorphosed individuals of both groups have four layers of muscle in the lateral body wall, consisting of the Mm. obliquus externus superficialis, u. e. pruficndus, 0. internus, and transversus. Ventrally, both groups have a single unit, the M. rectus abdominis, although some salamanders (hynobiids, plethodontids, some salamandrids) have their M. r. abdominis clearly divided into deep and superficial parts. Dorsolaterally, all caecilians and some salamanders have a M. rectus lateralis, which, however, may not be homologous for the two groups. The vertebral musculature of both groups consists of a well-developed M. dorsalis trunci and hyperapophyseal units in the epaxial region and a less well-developed hypaxial musculature including the M. subvertebralis and the basapophyseal muscles.
Dissection of species sampled from all extant families of salamanders has uncovered a tremendous amount of variation in the M. dorsalis trunci, M. subvertebralis, and layers of the lateral abdominal musculature (Naylor, 1978) . As a unit, the trunk musculature is diagnostic at familial, and often generic, levels and exceeds that encountered in caecilians (see above, also Naylor & Nussbaum, 1980) . Variation in the M. subvertebralis of salamanders is especially marked, ranging among three conditions: force directed along anterior and posterior lines from each vertebra (anterior basapophyseal system: hynobiids, cryptobranchids, amphiumids, and ambystomatids); force directed only posteriorly (posterior basapophyseal system: plethodontids, proteids, Salarnandra and Chioglossa); or force limited to single intervertebral sections between adjacent transverse processes and ribs (lizard-like: some plethodontids and all pleurodeline salamandrids). By contrast, caecilians present a single, relatively invariant M. subvertebralis with anteriorly directed basapophyseal muscles. Except for the presence of large posterior subvertebral flexures in ichthyophiids and variation in insertion of the M. subvertebralis pars ventralis (Table 11 ), differences are difficult to quantify. Similar differences in the amount of variation are encountered between the two orders when the other units of the trunk musculature are considered.
It is difficult to account for the different levels of diversity because of the lack of detailed, functional, morphological studies. Environmental and adaptive correlations are often not evident, except to some degree in salamanders and caecilians of aquatic habit.
Caecilians and salamanders differ in the presence of a pars ventralis of the M. subvertebralis in all caecilians that is lacking in all salamanders. However, the M. transversus of the pleurodeline salamandrids extends dorsolaterally to the ventral surface of the vertebral column (Naylor, 1978) , thus occupying the same position as the pars ventralis of caecilians and perhaps performing the same function(s). Caecilians and salamanders also differ in the relative size and position of the M. rectus lateralis and the M. obliquus externus superjicialis (Fig. 3(aHe) ). A more fundamental difference between caecilians and salamanders concerns the relationship between the vertebral musculature and the muscles of the body wall. In caecilians these two groups of muscles are largely independent, but in salamanders, with one exception, the vertebral muscles are tightly bound to the muscles of the body. This can be seen in Fig. 3(d) , in which the lateral fibres of the M. dorsalis trunci are shown to be continuous with the fibres of both the M. obliquus externus profundus and the M. obliquus internus. The exceptional salamander is Amphiuma means (Fig. 3(e) ), a species with relatively independent vertebral and body wall musculature, resembling that of caecilians.
The similarity of the trunk musculature of caecilians and Arnphiuma raises ghosts of past beliefs by Cope (1867 Cope ( , 1886 Cope ( , 1895 , the brothers Sarasin (1887 Sarasin ( -1890 and others that caecilians and Amphiuma are sister-groups. Cope would have derived caecilians from the amphiumid lineage of salamanders, whereas the Sarasins thought that Amphiuma arose paedomorphically from a caecilian and was not a salamander at all. Kingsley (1902) fairly effectively dealt with these early speculations, and not since then has a gymnophionan-amphiumid relationship seriously been considered. Similarities in the trunk musculature of the two groups, like some of the previously reported common features, may be functionally related to the elongate and limbless or nearly limbless body form of the two groups and do not necessarily reflect common descent.
Comparison of what is known about the trunk musculature of the three lissamphibian orders provides no solution to the controversy over whether the Lissamphibia is a natural, monophyletic subclass (e.g., Carroll & Currie, 1975; Parsons & Williams, 1963) . Derivation of the trunk musculature of caecilians and salamanders from a relatively recent common ancestor is conceivable, but not demanded by the evidence. The trunk musculature of frogs is too highly derived and simplified to be of value in determining the relationships of the group.
Summary
The trunk muscles of caecilians are relatively invariant. The same muscles are present and similarly positioned in all forms examined, including 28 species in 24 of the 33 known genera. Two groups of trunk muscles, the external muscular sheath and the vertebral muscles, are identified. The external muscular sheath consists of the Mm. obliquus externus superficialis, 0. e. prqfundus, rectus laleralis, 0. internus, transversus, and r. abdominis. The external muscular sheath, which is bound tightly to the skin, forms a hollow tube surrounding the vertebral muscles and the viscera. The vertebral musculature consists of the Mm. dorsalis trunci, subvertebralis, s. pars ventralis, and the basapophyseal and hyperapophyseal muscles. The external muscular sheath and the vertebral musculature are largely independent, being held together by connective tissue.
On a finer scale, some variation in trunk musculature exists, which generally conforms to taxonomic groups. Some of the variation may be related to identifiable functional modes. For example, the trunk musculature of the fully aquatic typhlonectids is distinctive and suggestive of reduced capacity for burrowing.
The trunk musculature of caecilians is, not surprisingly, more similar to that of salamanders than to that of frogs. Similarities in the trunk musculature of caecilians and salamanders could be explained as independent retention of ancestral characteristics and do not necessarily indicate close relationship. The highly derived and reduced trunk musculature of frogs, which probably is related functionally to the relatively inflexible anuran vertebral column, provides no clues to lissamphibian relationships. Support for this work was provided by grants from the National Geographic Society and the Horace H. Rackham School of Graduate Studies, The University of Michigan to R.A.N. and a n NSERC operating grant to B.G.N.
